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Review of magnetic field sensors based on MEMS silicon resonators
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Abstract: With the advent of the intelligent era, magnetic field sensors have been widely used in
mobile devices to provide users with services such as positioning and navigation. At present, the
magnetic field sensors based on Hall effect and the magnetoresistive magnetic field sensors which rely on
magnetic materials are two dominant technologies in the market. The advantages of the magnetic field
sensors based on the Hall effect include low cost, no need for magnetic materials and fabrication
compatibility with the Complementary Metal Oxide Semiconductor(CMOS) technology. The operating
range of this kind of sensors typically is from 10 puT to 1 T, and the resolution can be improved by
increasing the power consumption. Magnetoresistive magnetic field sensors have high resolution and
wide operating range(0.1 nT~1 T), and their performances mainly depend on the magnetic materials
adopted. Besides these two technologies, resonant magnetic field sensors composed of silicon-based
Micro—Electro—Mechanical System(MEMS) resonators have received extensive attention in recent years
due to their benefits of small form factor, low power consumption, high performance and fabrication
compatibility with CMOS technology. This paper reviews the latest developments of magnetic field
sensors using silicon-based MEMS resonators. In addition, methods for improving the performance of
such sensors are described. The current key challenges and future opportunities are provided.
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Tablel Summary of the reported performance of MEMS-based resonant magnetic field sensors

references transduction resonant frequency/kHz responsivity/(ppm/T) pressure level /Torr Q-factor

[25] capacitive 107.40 138.70 15.00 300

[26] capacitive 46.96 1417.00 0.75 10 000
[27] capacitive 19.34 54 967.00 0.26 2 500
[24] piezoelectric 2 600.00 9.00 air 1674
[28] piezoelectric 400.00 53 080.00 air 10 000
[29] piezoelectric 6 380.00 21.20 air 1946
[30] piezoelectric 160.00 12 026.00 air 508
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Fig.1 Schematic of Width Extensional(WE) mode TPoS resonator for magnetometer application
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Fig.3 Schematic of the disk TPoS resonator operating in contour
Fig.2 Simulated stress distribution of square resonator operating in a mode
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Fig.4 Schematic of two—disk TPoS resonators that are mechanically coupled
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Fig.5 Schematic of the cantilever-based resonant magnetometer
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Fig.6 Schematic of resonant magnetometer based on interdigital transducer
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Fig.7 Schematic of a DETF-based resonant magnetometer and simulated anti—phase vibration mode
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Fig.8 Schematic of a clamped-guided beam resonant magnetometer and simulated in—phase vibration mode®”!
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Table2 Performance summary of DETF resonant magnetic field sensors

BQ®

thickness of Si layer 25 um 10 um

vibration mode in—phase anti—phase in—phase anti—phase

resonant frequency/kHz 472 49.6 46.8 49.3

sensitivity/(ppm-T™) 94.56 90.62 203.71 215.74

quality factor/Q 26 000 100 000 42 000 100 000

IDC
anchor
£ X,

Y
micro—lever
structure
N\ r/ \‘ *
U, .
drive
F \ o

L

FL
- — y =

micro—lever 1 interdigital
beam 1. electrode

Fig.9 Schematic of the resonant magnetometer using micro—lever structures
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